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Transferrin (Tf), a monomeric protein belonging to the family of 
iron-binding proteins, occurs in high concentrations in sera of 
vertebrates. Structurally, it folds into two, an N- and a C-lobe; each 
having one binding site for an iron atom. Certain sequences in each one 
of the two lobes have been highly conserved during evolution, whereas 
positioning of Cys residues has been important phylogenetically. It 
ferries free iron from sera and transfers it to heniatopoeitic and variety 
of other tissues. Receptors located on the surface of the target cells 
(e.g., reticulocytes) mediate the process of iron transfer. Transfemn, 
therefore, has two categories of binding sites. One category binds and 
carries iron (one atom each on N and C lobes), while the other has to 
bind the receptor on the site of unloading. Since its function is 
physiologically important, critical differences in the capacities to 
transfer iron are most likely to occur between different animal species. 
In case of fish species, due to recognition and applicability of Tf 
variants as biochemical genetic markers, its polymorphism drew most 
of the early attention. Biochemical characterization, encompassing 
interspecies variations among molecular weights, pi values and 
carbohydrate contents were to follow. With the shift in focus to 
Molecular Genetics, cloning the cDNA of structural genes of some fish 
Tfs has also been achieved. The last and the least attention has, 
however, been paid to iron binding and virtually none to releasing 
capacities, despite its significance outlined in the first paragraph. 
The present investigations were envisaged as a contribution to the 
information on transferrins of Channa gachua and its sister species. 
Fishes belonging to the genus Channa are commonly known as 
snakeheads or murrels. They are of considerable economic importance 
as food fishes and characterized by their bimodal respiration. Falling 
among the group of teleosts where adaptive radiation has lead to 
evolution of air breathing, they are of specific interest. 
The following aspects of Tf of C. gachua were investigated : (i), 
Attempting cloning of cDNA of at least one of the Tf isoforms; (ii), 
phenotyping Tf polymorphs and extent of the polymorphism; (iii), 
purification of the most abundant isoform and its biochemical 
characterization including Mr and pi values, presence or absence of 
sialic acid in carbohydrate moeity, iron binding capacities and the pH 
dependent release of iron from diferric Tf species. 
To expand the scope of the information, one Tf each from other 
three species of the genus, Channa punctatus, C. striatus and C. 
marulius have also been included. Human Tf obtained from commercial 
source (also purified to homogeneity) was used as the standard 
reference. 
An abbreviated version of the obtained results and discussion is 
being presented below : 
Specif ic i ty of c D N A clone of Tf-l ike protein of C. sachua : 
(1) Efforts to clone cDNA of a Tf isoform were partially successful. 
The cloned sequence, however, shows homology of varying percentage 
to conserved region of N as well as C domains of accessed sequences of 
four teleosts of different classes and origin (namely : Oncorhynchus 
mykiss, Oryzias latipes, Paralicthys olivaceus and Salmo trutta). 
(2) Partial clone, any how, provided some specific information. A 
comparison of the portion of the accessed sequences of four teleosts, 
with the homologies of different degrees in N and C domains, reveals 
differences in AT:GC contents. cDNA sequence of C. gachua Tf-like 
protein is AT rich. Occurrence of 30 Asn residues in a single stretch 
and specific positioning of four Cys residues is also species specific. 
Locations of Cys residues carry specific significance in the evolution of 
vertebrate transferrin. 
Biochemical Characterization of Tf isoform of C sachua and Its 
Comparison with Tfs of Other Sister Species : 
(1). Phenotyping of Tf variants by PAGE showed the presence of one 
banded homozygote BB and two banded pattern represented by both 
BB and AA. Due to co- dominance inheritance of Tf alleles, their 
genotype is also the same. Out of the two phenotypes, fast migrating 
BB, is the most abundant phenotype. Phenotype BB has been reported 
for the first time. It is obviously in higher frequency than the two 
banded AA-BB phenotype. No heterozygote has been discovered so far. 
Bands initially identified in PAGE as those of Tf, could 
unambiguously be identified as iron binding proteins by incubating with 
FENTA (ferric nitrilotriacetic acid). Following this treatment, with the 
exception of Tfs, all the remaining protein bands in sera or tissues take 
up coomassie brilliant blue (CBB) stain. Thus, in superimposed or 
duplicate gels run under identical conditions, Tf bands can be identified 
in CBB stained gels by directly comparing with FENTA-incubated 
CBB stained replicas. The method is non-hazardous and even specific 
staining with Nitroso-R can be bypassed. 
Comigrating bands in liver homogenates and their ammonium 
sulfate cuts gave positive results with this method. 
(2). Biochemically, highly purified TfB isoform of C. gachua has all 
the attributes of a typical transferrin molecule : it is a glycoprotein of 
Mr =72 kD with sialic acid as the constituent of carbohydrate moiety, 
typically binds 2 atoms of iron per molecule and diferric protein 
releases iron as the pH values decline along a semi-biphasic course. 
(3). One Tf isoform each, purified from three other species of genus 
Channa : C. punctatus, C. striatus and C. marulius, show close 
resemblance in most of the above attributes {e.g. Mr, presence of sialic 
acid, pi values and conversion to diferric iron and its pH dependent 
release). In the absence of any previous published report on iron release 
from diferric fish Tfs, it may be inferred that semi-biphasic course of 
release is at least typical of channids Tfs, if not that of all the teleosts. 
Some interspecies differences do exist between biochemical 
properties of Tfs. For instance : (/), Tfs of C gachua and C. punctatus 
retain immunological cross-reactivity even after electrophoresis in 
SDS-PA gels, whereas Tfs of C. marulius and C. striatus do not; (//), 
above noted distinction between Tfs of channid species into two 
subgroups is apparent from their lEF values; and (iii), also from their 
iron binding capacities and pH dependence of iron release. 
The differences in pi values reflect the differences between the 
primary sequences or/and amino acid composition of Tfs of C. gachua 
and other sister species. Therefore, C. gachua and C. punctatus (which 
form a pi similarity pair) are likely to exhibit more interspecies 
affinities in this respect, while the same statement will hold for Tfs of 
C. striatus and C. marulius. 
(3). The occurence of a minimum number of Tf loci (two only) in C. 
gachua, in spite of being polyploid, has to have evolutionary 
implications. The available literature favours the origin of 
polymorphism of Tf by gene duplication; but the ultimate number of 
loci in a species may be determined by the selection pressure exerted by 
the critical physiological role of transferrin alleles. This might result in 
deletion of loci instead of retention of all duplications. C. gachua may 
be representing such a case, since among the channids in spite of it 
being a polyploid, so far the least number of Tf alleles have been 
detected in its sera. 
(4). The results, thus, establish that though Tfs of C. gachua as well as 
three other species of genus Channa are similar to other teleost Tfs in 
several respects, they do posses a few specific characteristic of their 
own. The specific biochemical and immunological characteristics may 
be correlated with the differences between the primary functions of iron 
binding capacities and release. 
High iron binding capacities may also have a direct bearing upon 
the better chances of post-hatching survival that may, in turn, determine 
the genetic composition that is observed in a surviving population and 
discerned by Tf polymorphism. As already described, inter- and 
intraspecies differences in these crucial physiological properties have 
evolutionary implications also. 
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INTRODUCTION 
I N T R O D U C T I O N 
An Overview of General Properties and Structure of 
Transferrin: 
Vertebrate transferrin (Tf) is a monomeric glycoprotein of plasma 
that plays a central role in the transport of iron between the sites of 
absorption, storage and utilization in vertebrates (Welch, 1990; Cnaani 
et al, 2001). It is a member of the family of non-heme iron binding 
proteins distributed within the cells and physiological fluids of all 
vertebrates (Yang et al, 1984). In mammals, this family also includes at 
least four more members, namely: ovotransferrin (also known as 
conalbumin), lactotransferrin, melanoma antigen p97 and ChBlym-1. 
Three dimensional structure of vertebrate Tf has been worked out 
completely. According to which, the single polypeptide chain is folded 
into two globular domains with each domain having a single iron 
binding site (Welch and Skinner, 1989). Available evidence has also 
established that ferric ion couples to Tf only in the presence of an anion 
(usually bicarbonate) that serves as the bridging ligand between metal 
and protein (Aisen and Listowsky, 1980; Harris and Aisen, 1989; 
Shongwe et al, 1992). The tv/o iron binding sites, however, differ in 
their affinity for iron and their acid stability. The N-lobe looses iron at 
pH values between 5.5 and 6.0, whereas the C-lobe looses iron between 
4.5 and 5.0 (Antonio and Brock, 2001) and thus shows more acid 
stability. Their primary sequence, however, indicates that the two 
domains have a homology wherein 40% of the residues are identical in 
N-lobe (residues 1-336) and C-lobe (residues 337-678) (Mac Gillivray 
et al, 1983). In view of the considerable sequence homology between 
the two globular domains, the family of Tf-like proteins is thought to 
have evolved from a common ancestral precursor (Mr 40,000 daltons) 
as a result of gene duplication (Williams, 1982). 
The major site of transferrin synthesis is the liver, but Tf variants 
may also be produced in non-hepatic tissues also (Baldwin et al., 1990). 
Essentially, all circulating plasma iron is bound with Tf and this 
chelation by Tf serves the vital functions of iron regulation; for 
instance: (i) the iron derived from catabolism of hemoglobin is 
conserved by its quantitative return through Tf to hematopoeitic tissues 
(Fletcher and Huens, 1968), (ii) the possible oxidation or inhibitory 
effects of elevated ferric ions are prevented by buffering action of Tf 
(Laurell, 1960), (iii) it checks the loss of iron by urinary excretion by 
holding the concentration of free iron in plasma; and, (iv) it may also 
serve as the physiological source of iron to immature red cells which 
preferentially bind iron saturated Tf (Jandl and Katz, 1963). 
Serotransferrin is, therefore, meant for the efficient and stringent 
physiological regulation of iron metabolism in blood. 
In human beings, the role of transferrins in cell proliferation, 
activation of immune system and resistance to infection in a number of 
clinical conditions, including the congenital absence of Tf or 
atransferrinemia (Heilmeyer, 1966) has attracted due attention (Aisen 
and Listowsky, 1980; Djeha et al, 1992). Studies on functional aspects 
of fish Tf, despite being limited, also reveal that it plays an important 
role in innate immune system (Yano, 1996) and some evidence suggests 
a correlation between Tf levels in sera of fish species and certain 
clinical conditions (Pratschner, 1978; Winter et al, 1980; Hirono and 
Aoki, 1995). Some other members of the Tf family are also considered 
to play an important role in defense mechanisms in salmonids 
(Suzumoto et al, 1977; Winter et al, 1980). As for instance, Sakai et 
al. (1993) reported that by activation of phagocytosis bovine lactoferrin 
enhances the resistance of rainbow trout against bacterial infections. 
Gene Clonins Attempts: 
Whereas classical approaches of phenotyping Tf continue to make 
a significant contribution, during recent years attention has shifted to 
cloning of Tf genes. Complementary DNA (cDNA) of Tfs of a number 
of higher chordates have been cloned and characterized. The deducted 
amino acid sequences have helped in establishing already described 
three dimensional structure, their phylogenetic correlation and the 
interaction between transferrin and its receptors. 
Among mammals, cDNAs of human (Yang et al, 1984; Park et 
al, 1985); pig (Baldwin and Weinstock, 1988); rabbit (Banfield et al, 
1991) and horse (Carpenter and Broad, 1993) transferrins has been 
cloned, sequenced and compared. The data on cDNA clones of Tf from 
some quite distantly related species such as an amphibian, Xenopus 
(Moskaitis et al, 1990); the invertebrates, cockroach, Blaberus 
discodalis (Jamroz et al, 1993) and tobacco homworm, Manduca sexta 
(Bartfeld and Law, 1990) are also available. 
Fish species, whose Tf cDNAs have been cloned are: Atlantic 
salmon, Salmo salar (Kvingedal et al, 1993); medaka, Oryzias latipes 
(Hirono et ai, 1995); coho salmon, Oncorhynchus kisutch (Lee et al, 
1995); Atlantic cod, Gadus morhua (Denovan-Wright et al, 1996); 
Japanese flounder, Paralichthys olivaceus (Kim et al, 1997) and 
rainbow trout, Oncorhynchus mykiss (Tange et al, 1997). 
Tfs in mammals share 25% amino acid positional identity with one 
another. This estimate is based on the comparison of eleven complete 
Tf and Tf-related amino acid sequences. The homology was determined 
either directly from nucleotide sequence data or indirectly by using the 
amino acid sequence deduced from the corresponding nucleotide 
sequence (Baldwin, 1993). The homology between amino acid 
sequences of Tf of medaka and Atlantic salmon ranges from 30-50% 
(Hirono and Aoki, 1995). In Salmonids, within each Tf cDNA 
sequence, there are significant sequence identity regions and the 
phylogenetic relationships determined between ten species by Tf 
sequences are quite consistent with those derived from classical 
taxonomy (Lee et al, 1998). Analysis of these structural genes of Tf 
has also indicated that it has undergone an intragenic duplication (Park 
et al, 1985). The position of cysteine residues and iron binding amino 
acid residues are, however, highly conserved. 
Comparative Biochemical Characteristics with Specific 
Reference to Fish Tfs : 
Prior to the switchover to submolecular investigations based on 
molecular biology related techniques, the analysis of protein itself was 
the principle source of elucidating the functional and biochemical 
properties of Tf. The study of Tfs isolated and purified from natural 
sources has not yet lost its relevance. During the last decade, 
serotransferrins from a number of vertebrates have been purified and 
characterized to varying degrees. In this respect, the data on fish 
transferrin is again far from adequate. 
Some of the published evidence deals with the Tfs from rabbit 
(Strickland and Hudson, 1978; Welch and Skinner, 1989); rat 
(Schreiber et al, 1979; Welch and Skinner, 1989), frog and turtle 
(Palmour and Sutton, 1971) and Chicken (Williams, 1968). In all these 
cases, Tfs have been found to have molecular weight (Mr) in the range 
of 75 kD to 82 kD which has also been confirmed by SDS-
polyacrylamide gel electrophoresis (Welch, 1990), though some earlier 
estimates settled for the value of = 90 kD (Koechlin, 1952; Aisen et al, 
1966). 
Values between 68-85 kD were recorded for Tfs of other 
vertebrates including those of fish (Hara, 1984; Welch, 1990). A Mr 
value of 77 kD has been reported for hagfish (Aisen et al, 1972) and 78 
kD for brook trout Hershberger (1970), whereas the values of 68 kD for 
catfish and pike Tfs have been calculated to be 86.8 kD (Stratil et al, 
1985). Fish Tfs are also known to have saccharides other than sialic 
acid as carbohydrate moieties and may even be totally free of such 
contents (Stratil et al 1983, 1985). 
Polymorphism and its Genetic Sisnificance: 
One of the best appreciated characteristics of Tfs from the genetic 
point of view has been its reported polymorphism in most of the 
vertebrate species. Though Tf variants represent the polymorphism of a 
single locus of codominant alleles, the data has been extremely useful 
in discerning the biochemical genetics of several species. It has 
applications in breeding and maintenance of stocks, determining gene 
frequencies, identifying races and genetic structure of natural 
populations of several fish species (Utter et al, 1970; Jamieson, 1990; 
Stratil et al, 1992; Nagabuchi et al, 1993; Blott et al, 1998; Lacy, 
2000; Nabi et a/., 2003). 
Essentially, most of these studies had a focus on electrophoretic 
surveys within and among different species such as some species of the 
family Cyprinidae (Valenta and Stratil, 1977); European Hake 
(Mangaly and Jamieson, 1979); sturgeons (Keyvanfar, 1986) and coho 
salmon (Utter et al, 1970; Hirono and Aoki, 1995). In certain instances, 
extensive polymorphism and heterogeneity has been discovered at the 
Tf locus. As for instance, in tuna five Tf phenotypes AB, BB, BC, CC 
and AC were discovered that could be traced to a 3-allele system 
(Barrett and Tsuyuki, 1967; Fujino and Kang, 1968). Recently, Van-
Doomik et al. in 1996 have detected a 4-allele system in coho salmon. 
In mirror carp, Cyprinus carpio L., as many as 7-alleles had been 
identified by Valenta et al. (1976). So far, the most extensive 
polymorphism reported has been displayed by Tfs of Amazonian 
pescada, Plagioscion squamosissimus, where 12 genotypes encoded by 
six co-dominant alleles were detected (Teixeira et al, 2002). 
Research Status in Context of Indian Fish Species: 
Notwithstanding the vastness of the resources and the diversity of 
fauna, the information on the polymorphism of Tfs of fish species 
inhabiting Indian subcontinent is scarce. The first report on 
polymorphic transferrins was published on airbreathing snakehead or 
murrel, Channa punctatus (Hasnain et al., 1981) that described the 
existence of five phenotypes in some North Indian districts. The work 
of another laboratory from an area about 1300 km away from Aligarh 
reported a two banded pattern both in Channa gachua and C. striatus 
(Sahoo and Khuda-Bukhsh, 1989), while two variants with one band 
and two band phenotypes were reported for Tf of C. punctatus. A more 
detailed study of Tf polymorphism in C. punctatus covering an area of 
-7381 sq. kms had been undertaken in our laboratory (Nabi et al, 
2003). According to it, Tf polymorphism in C. punctatus is controlled 
by three isoforms A, B and C encoded by three loci, which on the basis 
of codominant inheritance constitutes six phenotypes: single banded 
homozygotes AA, BE and CC and the double banded Tf heterozygotes 
AB, BC and AC. 
Aims and Objectives of the Present Work: 
Channa gachua Hamilton is among the important food fishes of 
India as well as of several Asian countries. It makes a significant 
contribution to fresh and brackish water capture fisheries. One of the 
very distinct features of it and other channids is the adaptation to 
accessory air breathing for which the speciaHzed accessory organs exist 
in them. 
The available literature on the biochemical genetics of Channa 
gachua Ham. is extremely scarce excepting the work on its 
parvalbumins done in our laboratory (Arif, 2002), no other information 
on its proteins or biochemical markers has been published, so far. As a 
result of investigations on biochemical and immunological 
characterization of Tfs of the most abundant channid C. punctatus 
(Nabi, 1999), the relevant techniques were already established in our 
laboratory. In the present effort, biochemical characterization was 
extended to Tf of C. gachua. Moreover, an attempt was also made to 
clone cDNA of Tf of this species. 
This thesis, therefore, presents and discusses the information 
collected on the above two main aspects under the heads and subheads 
as follows: 
(1) Identification of Tf clones in cDNA library of mRNA extracted 
from the liver of C. gachua : 
a) By colony screening protocol. 
b) By DNA sequencing. 
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(2) Determining the extent of polymorphism within C. gachua itself. 
(3) Biochemical characterization of Tf purified from natural sources: 
a) Identification of Tf bands in sera and liver by various staining technicjues; 
b) Purification by ammonium sulfate fractionation and preparative 
polyacrylamide gel electrophoresis (PAGE); 
c) Estimation of molecular weights by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) 
d) Isoelectric focusing (lEF) 
e) Iron binding capacities and pH dependent release 
f ) Interspecies comparison based on the above data and its genetic 
significance. 
MATERIALS 
AND 
METHODS 
M A T E R I A L S A N D M E T H O D S 
The list of methods and protocols followed during the present investigations: 
1. SOURCE OF CHEMICALS 
2. KEY TO INDIAN SPECIES OF GENUS Channa 
3. GEOGRAPHICAL AREA OF SAMPLING 
4. cDNA CLONING 
a. Preparation of mRNA 
b. Complementary DNA Synthesis 
c. Ligation to Vector 
d. Transformation in Escherichia coli DH5a 
e. Scoring recombinants 
f. Selection of positive clones by Immunological Screening 
g. Plasmid DNA Preparation of positive clones 
h. Restriction Enzyme Analysis 
i. Sequencing of the Insert 
5. H O M O L O G Y OF Tf SEQUENCE OF C. gachua WITH Tf 
SEQUENCES OF OTHER FISH SPECIES 
6. NATURAL SOURCE OF TRANSFERRINS 
a. Collection of Sera 
b. Preparation of Liver Extracts 
7. GENERAL TECHNIQUES 
(A) Protein estimation 
(B) Polyacrylamide gel electrophoresis (PAGE) 
a) Non denaturing PAGE 
b) Polyacrylamide gel electrophoresis in the 
presence of sodium dodecyl sulfate (SDS- PAGE) 
(C) Protein Staining 
a) With Coomassie Brilliant Blue (CBB R-250) 
b) With Silver Nitrate 
(D) Documentation 
8. SPECIFIC STAINING OF TRANSFERRINS 
9. NEGATIVE STAINING OF TRANSFERRINS 
10. PURIFICATION OF TRANSFERRINS : 
(A) Partial Purification by Ammonium Sulfate Fractionation 
(B) Purification By Preparative Gel Electrophoresis 
11. MOLECULAR WEIGHT ESTIMATION 
12. NEURAMINIDASE DIGESTION 
13. ISOELECTRIC FOCUSING (lEF) 
14. PREPARATION OF APOTRANSFERRIN 
15. ANALYSIS OF IRON BINDING 
16. THE EFFECT OF pH ON THE RELEASE OF IRON FROM 
DIFERRIC TRANSFERRINS 
17. IMMUNOLOGICAL CHARACTERIZATION 
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A. Production of Antibodies 
B. Collection and Decomplementation of Antisera 
C. Double Immuno-Diffusion (DID) Test 
D. Western Blotting 
14 
1. SOURCE OF CHEMICALS: 
Chemicals 
Acn'lamide 
Agarose 
Agar-Agar 
Alcohols 
Bis-acr)4amide 
Bovine Serum Albumin (BSA) 
Citnc Acid Anhydrous 
Coomassie Brilliant Blue R-250 
Calcium chloride (CaCy 
Diethyl pyrocarbonate (DEPC) 
Frexond's Complete Adjuvant 
Glycerol 
Human Transferrin 
lEF Marker 
Isopropyl P-D-thiogalactoside (IPTG) 
LumiGlo 
Methanol 
Nitroso-R 
Nutrient Broth 
Ohgo (dT)-cellulose spun columns 
pBluescnpt Vector 
Pharmalyte (pH 3-10) 
Polyethylene glycol (PEG) 
QIAprep Miniprep Plasmid Punficaaon Kit 
QuickPrep mllNA Purification Kit 
RNAase A 
Sodium Acetate Anhydrous 
Sodium Dodecyl Sulphate (SDS) 
Source 
Sigma Chemicals (USA) 
Sigma Chemicals (USA) 
Qualigens Fine Chemicals 
Riedel-de Haen (Germany) 
Sigma Chemicals (USA) 
Sigma Chemicals (USA) 
CDH-India (AR Grade) 
Sigma Chemicals (USA) 
Qualigens Fine Chemicals 
Sigma Chemicals (USA) 
GENEI Pvt. Ltd 
GENEI Pvt. Ltd. 
Qualigens Fine Chemicals 
Fluka biochemica (Switzerland) 
Pharmacia Biotech (Sweden) 
Boerhinger Manheimm 
Cell Signalling Technology 
Quahgens Fme Chemicals 
Sigma Chemicals (USA) 
Titan Biotech (India) 
Pharmacia Biotech (Sweden) 
QIAGEN Inc. (USA) 
Pharmacia Biotech (Sweden) 
CDH-India (AR Grade) 
QIAGEN Inc 
Pharmacia Biotech (Sweden) 
QIAGEN Inc 
Sigma Chemicals (USA) 
Sigma Chemicals (USA) 
Trizma base Sigma Chemicals (USA) 
Tnzol Reagent GIBCO BRL (USA) 
Tween-20 Merck 
Universal RiboClone cDNA Synthesis System Promega 
5-Bromo-4-chloro-3-indolyl P-D-galactopyranoside (X-gal) Sigma Chemicals (USA) 
Other chemicals were of AR Grade. 
2. KEY TO INDIAN SPECIES OF GENUS Channa : 
Obligate air-breathing channid fishes are commonly known as murrels 
or snakeheads as their body is sub cylindrical and anteriorly covered with 
plate like scales. They have a wide distribution not only in India but several 
other countries of Southeast Asia (Day, 1889) and make a significant 
contribution to their fishery resources. 
During the present investigations the key proposed by Srivastava (1980) 
was used for the identification of four species of genus Channa. The details 
are as follows: 
C striatus (Bl.): 
(i) 15-20 scales between the snout and origin of dorsal fin, 9-10 scales 
between the orbit and the angle of preopercle. 
(ii) 12-13 scales between the snout and origin of the dorsal fm, 4-5 
scales between the orbit and the opercle. 
(iii) 18-20 scales between the snout and the origin of the dorsal fin; 9 
scales betAveen the orbit and the angle of preopercle. Grey and black 
band descending from the lateral side to the abdomen, without an 
ocellus at the tail. 
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C. punctatus (BI.) : 
Ventral 2/3 to 3/4 length of pectoral. Pectoral without transverse 
bands and with uniform coloration. Several bands or patches from 
back pass down the abdomen caudal fm. 
C. gachua (Ham.): 
Ventral 2/5 length of pectoral. Pectoral with alternating orange and 
blue transverse bands. No bands on the body. 
C. maruUus (Ham.): 
15-16 scales between the snout and the origin of the dorsal fin, 9-10 
scales between the orbit and the angle of the preopercle. No band 
like C. striatus. A large black ocellus at the upper part of the base of 
the caudal fin. 
3. GEOGRAPHICAL AREA OF SAMPLING: 
Samples of C. gachua were obtained from local fish markets of 
Aligarh and nearby districts of Badaun, Bulandshahr and Moradabad in the 
state Uttar Pradesh, India, located within 28-30° Latitude and 76-80° 
Longitude. Accessory air breathing helps the fish to survive hypoxia during 
transportation in wet grass or in small water containers. 
4. cDNA CLONING: 
Essentially the manual of Promega Universal RiboClone cDNA 
Synthesis Kit was followed. Essential details are given below: 
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(a) Preparation of mRNA : All the glasswares used were DEPC treated. Total 
RNA was isolated from the liver of C. gachua using Trizol reagent. RNA in 
aqueous phase was precipitated with ethanol after addition of 0.1 volume of 
sodium acetate, pH 5.2. Pellet of precipitated RNA was resuspended in 
DEPC-treated water and was quantitated by measuring the absorbance at A260 
of the small aliquot. 
Poly(A) rich RNA was purified from total RNA by chromatography 
on oligo(dT)-cellulose spun columns (Pharmacia Biotechnology) and 
quantitated again at A26o. 
(b) Complementary DNA Synthesis : 2 |ig of mRNA was reverse transcribed 
into first strand using an oligo(dT) primer and AMV reverse transcriptase. 
The second DNA strand was also synthesized according to the manual's 
instructions. cDNA molecules within the range of 1.5 Kb to 5.0 Kb were 
selectively eluted by following agarose gel electrophoresis. The resuhing 
cDNA was ligated to E'coRI-adaptors and free adaptor arms were 
phosphorylated. Excess adaptors were removed on Sephacryl S-400 spin 
columns. Synthesized cDNA was quantitated at A260 and 10 ng and 30 ng 
was used for ligation to vector whereas rest of the cDNA was stored in 
ethanol at -20°C. 
(c) Ligation to Vector : Synthesized cDNA was ligated to pBluescript phagemid 
which has been pre-digested with EcoRI and dephosphorylated (QIAGEN 
Inc.). The molar ratio of vector to insert DNA was varied from 1:3 to 1:1 and 
was allowed to proceed at 4°C for 16-18 hours. 
(d) Transformation in Escherichia coli DH5a : The protocol of Sambrook et 
al. (1989) was followed. DH5a were grown overnight at 37°C on an 
environmental shaker (Lab-Line, USA). On reaching the log phase (O.D.590 = 
0.2), cells were harvested and made competent by using ice cold solution of 
calcium chloride. The competent DH5a cells were then transformed with 
ligated cDNA. For phenotypic expression of selection marker, ampicillin 
resistant gene, the transformed cells were incubated at 37°C under stationary 
conditions for 1 hour. 
(e) Scoring Recombinants : Transformed cells were serially diluted and plated 
on LB-agar plates containing 50)ig/ml Ampicillin, 40|ig/ml X-gal and 
0.5mM IPTG. Plates were incubated overnight at 37°C. White colonies were 
picked up and kept as glycerol stocks at -20°C. 
(f) Selection of Positive Clones by Immunological Screening : Protocol 
followed was partly that of Helfman et al. (1983). The transformants were 
plated on master plate containing 50)j,g/ml ampicillin. The grown 
transformants were transferred onto nitrocellulose membranes by placing the 
membranes over the culture plate. The membranes were overlaid on fresh LB 
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agar plates containing the drug ampicillin and then incubated for 12 hours at 
37°C to permit the growth of bacterial colonies transferred on to them. 
(i) Lysis of Bacterial Colonies: The membranes with transformant 
colonies were placed in a chloroform vapour chamber for 1 hour at room 
temperature so as to lyse the colonies. 
(ii) Membrane Blocking : Each filter was then placed in individual petri-
dish in 20 ml of lysis blocking solution {150 mMNaCl, 5 mM MgCl2, 50 
mM Tris-HCl pH 7.5, 40 /2g/ml lysozyme and 3% (wt/vol) bovine serum 
albumin) for 4 hours at room temperature (RT) on a rocking platform. 
The membranes were washed three times (each wash of 10 minutes) with 
TBS (50 mM Tris-HCl pH 7.5 and 150 mM NaCl). 
(ill) Primary Antibody Binding : The membranes were incubated for 1 
hour at RT with 1:100 dilution of preabsorbed rabbit anti-Tf C. gachua 
diluted in saline containing 3% BSA on a rocking platform shaker. The 
antiserum was preabsorbed for 2 hours at 4°C with sonicated boiled 
lysates prepared from the parental bacterial strain i.e. DH5a. The 
membranes were washed with TBS (3 changes of 30 minutes each) at RT 
on a rocking platform. 
(iv) Secondary Antibody Binding : Following three washes, membranes 
were incubated with 1:1000 dilution of goat anti-IgG coupled with 
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horseradish peroxidase for 1 hour, with gentle rocking. After incubation 
the membranes prior to detection were washed (5-6 changes) in TBS at 
RT. 
(v) Chemiluminescent Detection : The membranes were immersed in 
solution containing Chemiluminescent Substrates (LumiGLO) A and B 
(1:1) and 20 |il of 30% hydrogen peroxide for 1-2 minutes. After 2 
minutes of incubation in the substrate, the membranes were tapped again, 
over the filter paper towel to drain off the extra substrate. 
(vi) Reading : The fluorescence of the immunologically reactive sites 
was recorded on an ultrasound film. 
(g) Phagemid DNA Preparation of Positive Clones : Small scale plasmid 
preparations were made by using QIAprep miniprep kit employing the 
alkaline lysis procedure. Bacterial culture for plasmid preparation was grown 
in the presence of ampicillin from a single colony picked up from pre-
streaked LB-Agar plates. After harvesting and resuspension, the bacterial 
cells were lysed in SDS in the presence of RNAase A. The lysate was 
neutralized by the addition of pre-chilled acidic potassium acetate. The 
precipitated debris was then removed by high speed centrifugation of 10,000 
rpm for 10 minutes. The cleared lysate was loaded onto a pre-equilibrated 
QIAprep spin columns and the subsequent washing and elution steps were 
followed according to the protocol of QIAprep handbook. The eluted plasmid 
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DNA was desalted and concentrated by ethanol precipitation. After 
centrifugation, the pellet was washed once with 70% ethanol at RT. The 
purified DNA was briefly air-dried and resuspended in 20)j,l of TE (pH 8.0). 
(h) Restriction Enzyme Analysis : Restriction enzyme digestion was done to 
check the insert sizes. Plasmid DNAs were cleaved by Eco RI at a 
concentration of 2 units/fig of DNA. The digestion was carried out for 2 
hours at 37°C after which the fragments were separated by electrophoresis in 
1% agarose gels using TAE as running buffer for electrophoresis. The gels 
were stained with ethidium bromide and stained bands were visualized on 
UV transilluminator (Fotodyne Inc., USA). Lambda double digest {Eco RI 
and Hind III) was used as the molecular weight marker. 
(i) Sequencing : The selected cDNA clones were sequenced using an 
automated DNA sequencer (Model: ABI 377 Prism). 
5. HOMOLOGY OF Tf SEQUENCE OF C. gachua WITH Tf 
SEQUENCES OF OTHER FISH SPECIES: 
The deduced amino acid sequence of partial Tf-like clone of C. gachua 
was compared with those of previously cloned Tfs of rainbow trout, medaka, 
Japanese flounder and Salmon. The complete Tf sequences of the four were 
downloaded by BLAST search of NCBI GenBank having the following 
Accession numbers: 
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Rainbow Trout {Oncorhynchus mykiss) BAA84103 
Medaka {Onjzias latipes) BAA10901 
Japanese Flounder {Paralichthys olivaceus) AAF33233 
Salmon (Salmo trutta) BAA84102 
6. NATURAL SOURCE OF TRANSFERRINS : 
The sera and liver of the investigated species were the source of 
transferrins. Main emphasis was given to C. gachua (Ham.) following partial 
cloning of its gene and due to other reasons explained in its "Aims and 
Objectives" (page number 9-11). In total, 405 serum samples of C. gachua 
were screened by native PAGE. Number of other three channid species 
depended on the requirement of sera to purify them. 
(a) Collection of Sera: As contamination caused hemolysis, sterile glasswares 
and vials were used for blood clotting and subsequent storage of sera. 
Blood was taken from live fish specimen by cardiac puncture using 
sterilized plastic syringe equipped with #23 needle. For small sized fish (<12 
cm), syringe was pre-filled with minute amount of anticoagulant (trisodium 
citrate - 0.8gm%; D. glucose - 2.05gm%; sodium chloride - 0.72gm%), so 
that drawn out blood could be mixed with it immediately. To obtain sera, 
blood was allowed to clot at RT (25-30°C) for 2-3 hours and then at -lO^C 
for another 2-3 hours. The sera from clotted blood was pipetted out and 
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centrifuged at 3,000 rpm for 10 minutes to sediment out contaminating blood 
corpuscles. Clear sera or plasma (from small fish specimens) were analyzed 
immediately or were stored in eppendorf tubes at -20°C till further analysis. 
(b) Preparation of Liver Extracts: Liver was dissected out from freshly 
sacrificed fish. The tissue was homogenized in chilled 25 mM Tris-HCI, pH 
7.5 using electrical homogenizer (Model: 985-370; Type-2; 5000-30,000 
rpm; Biospec Products, Inc.). The homogenate thus obtained was centrifuged 
at 10,000 rpm for 20 minutes at 4°C, and analyzed immediately or stored at -
20°C with 10% glycerol for analysis within a week. 
7. GENERAL TECHNIQUES: 
(A) Protein estimation: Routinely, protein concentration was estimated 
following the standard protocol of Lowry et al. (1951). For purified protein 
samples O.D. at 280nm and 260nm was used to determine protein 
concentration (mg/ml) by the formula: 
1.55 XO.D.280 -0.76 XO.D.260 
(B) Polyacrylamide gel electrophoresis (PAGE): 
(a) Non Denaturing PAGE : It was performed in the discontinuous buffer 
system of Laemmli (1970) with the modification that no SDS was added to 
any of the solutions. 
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Final concentrations of Tris-HCl were: 0.125M (pH 6.8) in stacking gel and 
0.375M (pH 8.6) in separating gel. Runs were made in 0.025M Tris-Glycine 
of pH 8.6. 
Screening of the samples was done on 7.5% and 10% polyacrylamide 
slab gels (100x150x1mm), which were pre run for about 10 minutes at 
4mA/gel, 50V and IW. Following this, the gels were initially run at 4mA/gel, 
50V, and IW until the tracking dye (Bromophenol blue) entered into the 
separating gel and then at SmA/gel, 70V and IW until the dye migrated 1 cm 
short of anodic end. 
(b) Polyacrylamide Gel Electrophoresis in the Presence of Sodium 
Dodecyl Sulfate (SDS-PAGE): It was performed in a discontinuous but 
highly porous system of Doucet and Trifaro (1988), as essentially described 
by them. 
The separating gel and buffers had the following final composition: 
10% acrylamide and 0.1% bisaciylamide in 0.4% SDS, 5% glycerol, 200mM 
Tris and lOOmM glycine (final pH 9.0). 0.1% ammonium persulfate and 
0.05% TEMED was added for polymerization. The stacking gel contained 
4% acrylamide, 0.04% bisacrylamide, 0.4% SDS, 4mM EDTA, 5% glycerol 
and 70mM Tris-HCl, pH 6.7. The mix was degassed before adding 
ammonium persulfate and TEMED in the final concentrations of 0.1 % and 
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0.05% respectively. Lower tank buffer was one time dilution of upper tank 
buffer. 
Electrophoretic runs were made at a constant voltage of 60V (about 
lOmA/gel) till the BPB buffer line was 1 cm short of anodic end. After 
completion of the run, the gels were washed overnight in 5 % acetic acid and 
stained on the next day. 
(C) Protein Staining ; 
(a) With Coomassie Brilliant Blue: To stain the gels for general protein 
patterns, routinely, Coomassie Brilliant Blue (CBB R-250) dissolved in 
methanol: acetic acid: water (50:10:100) was employed. 
(b) With Silver Nitrate : Silver staining was performed on some gels 
according to a rapid protocol of Langenaur (2001). Destaining was carried 
out in 7% acetic acid. 
(D) Documentation: 
All photographs were taken on 125 ASA black and white negative films 
using visible range transilluminator or by digital imaging with the help of 
Canon Power Shot S45. A few thin gels were also scanned directly. 
8. SPECIFIC STAINING OF TRANSFERRINS: 
It was performed according to Moller and Naevdal (1966). Both whole 
sera as well as purified Tfs were electrophoressed on 7.5% and 10% non-
26 
denaturing gels and the gels were stained in Nitroso-R. The gels were 
incubated for 15 minutes in hydroxylamine hydrochloride solution (100 
mg/50 ml 7% acetic acid). Subsequently, Nitroso-R (25 mg/ml of distilled 
water) was added and incubation was continued in dark until the maximum 
development of green bands. The gels were then washed twice with distilled 
water and stored in 7% acetic acid containing 5% methanol. 
9. NEGATIVE STAINING OF TRANSFERRINS: 
The gels were incubated for 6 hours in FENTA or ferric nitrilotriacetic 
acid solution (composition: nitrilotriacetic acid, 0.19g/3 ml of distilled 
H2O; 2 ml NaOH IM; 2 ml ferric chloride 0.5M; final volume made up 
to 10 ml with distilled water) diluted 50 times in distilled water. Incubation 
was carried out in the presence of NaHCOs at a final composition of 30 mM. 
After six hours the gels were stained in CBB R-250 and destained in 7% 
acetic acid. 
10. PURIFICATION OF TRANSFERRINS : 
(A) Partial Purification by Ammonium Sulfate Fractionation: 
Ammonium sulfate cut of 55% discarded and precipitate appearing 
between 55-95% saturation was saved. Following exhaustive dialysis against 
25 mM Tris-HCl, pH 7.5, its purity was assessed by native PAGE. 
Purification to homogeneity was achieved by preparative PAGE. 
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(B) Purification by Preparative Gel Electrophoresis: 
Essentially, non-denaturing PAGE as described under 7B(a) was 
employed with the modification that larger gels 100 x 180 x 4 mm containing 
only a single slot were used. After the run was over, 1cm slice of gel along 
the vertical axis was cut off and stained with CBB-R250. The portion of 
unstained gel corresponding to the band of transferrin in the stained slice 
were cut out and frozen at -20°C overnight. The frozen band was 
homogenized in 25mM Tris-HCl, pH 7.5 The homogenate was centrifuged at 
high speed and supernatant containing the eluted Tf was concentrated to the 
desired volume using polyethylene glycol (PEG) and stored at -20°C till 
ftirther analysis. 
11. MOLECULAR WEIGHT ESTIMATION: 
Molecular weights of pure Tfs of each of the four species of genus 
Ckanna were calculated after runs in the system of Doucet and Trifaro 
(1988). The molecular weights (M )^ were calculated with the help of Gel-Pro 
software using standard molecular weight marker. 
12. NEURAMINIDASE DIGESTION: 
The treatment of Tfs v/ith neuraminidase was done according to the 
protocol of Stratil et al. (1983). The purified Tfs of all the four species along 
with human Tf were reconstituted to pH 5.8 with 0.2M sodium acetate buffer 
(pH 3.7). Lyophilized neuraminidase was also dissolved in the same buffer at 
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a concentration of 2 |ig/|il. Enzyme solution was added to each Tf sample in 
the ratio of 1:2 and the reaction mixture was incubated at 37°C for 24 hours 
after which the reaction was stopped by freezing the mixture at -20 °C. 
Analysis of neuraminidase treatment was done electrophoretically in 
SDS-PAGE system of Doucet and Trifaro (1988) as described under 7B(b). 
13. ISOELECTRIC FOCUSING (lEF): 
The p\ values of Tfs were determined against the marker proteins 
(Pharmacia Biotech, Sweden) following focusing on 1mm thick 
polyaciylamide gel containing 5% T, 3% C in pharmalyte of pH range 3-10 
containing 10% glycerol. The focusing was done at 1500V, SOmA for a 
period of 2 hours. 
14. PREPARATION OF APOTRANSFERRIN: 
The Tfs of all the four species were deprived of iron by dialyzing the 
samples against 4 changes of l.OM Citric acid (Palmour and Sutton, 1971) 
after which they were extensively dialyzed against distilled water with 5-6 
hourly changes for 48 hours. 
15. ANALYSIS OF IRON BINDING: 
Iron binding studies were carried out on apotransferrins of C. gachua, 
C. punctatus, C. striatus and C. marulius according to Bates and Schlabach 
(1973) and Welch (1990). Human Tf was used as the control. Titrations were 
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carried out by adding fixed amount of FENTA or ferric nitrilotriacetic acid 
(composition same as used in negative staining of Tfs) in the presence of 
sodium bicarbonate at a final concentration of 30mM. The binding of iron to 
apotransferrin was monitored by following the increase in absorbance at 
470nm. Atoms of iron (Fe) bound per molecule of Tf was calculated by the 
following formula: 
Atoms of Fe bound per Tf molecule = mole of iron / mole of Tf 
where, 1 mole = Weight of the substance used / Molecular weight of that 
substance 
15. EFFECT OF pH ON THE RELEASE OF IRON F R O M DJFERRIC 
TRANSFERRINS: 
Aqueous solution of diferric Tfs of C. gachua, C. punctatus, C. striatus, 
C. marulius and Human (100 jil at 50 |ig/100 [il) were added to 300 \i\ of 
0.2M sodium acetate buffers at a range of pH values from 6.5 to 2.0 (Welch, 
1990). Thirty seconds after mixing, absorbance of the reaction mixture was 
measured at 470 nm. For each Tf, the decrease in absorbance at 470 nm was 
plotted against the drop in pH. 
17. IMMUNOLOGICAL CHARACTERIZATION: 
A. Production of Antibodies : 
Polyclonal antibodies were raised against the purified Tf (antigen) of C. 
gachua in rabbits. Each injection was comprised of 500 mg of protein 
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emulsified in an equal volume of Freund's complete adjuvant and was 
administered intra-muscularly. After the first injection, subsequent three 
booster doses were given via the same route at an interval of 10 days. During 
the immunization period, the antibody-titre was checked routinely by 
Ouchterlony's double immuno-diffusion test (DID) after four days of each 
booster(procedure in section 17C), and it was found to be highest after 
second booster. The rabbits were bled by marginal vein of the ear, and the 
blood was allowed to clot at room temperature. 
B. Collection and Decomplementation of Antisera : 
After two hours, serum was collected by centriftigation at 1000 rpm at 
room temperature for 5 minutes. Clear antisera was decomplemented by 
incubation at 56°C for 30 minutes and then centrifuged at 20,000 rpm for 15 
minutes (Talwar, 1983 and Champion et al, 1974). The supernatant was 
saved and stored at -20°C. 
C. Double Immuno-Diffusion (DID) Test: 
It was used for determining the titre initially. The antigen-antibody 
complexes were visualized in 1 % agarose gels in the form of precipitin arcs 
by following the technique of Ouchterlony's Double Diffusion (1962). The 
gel was prepared in 0.05 M phosphate buffered saline of pH 7.1. Three wells 
were punched in at a distance of 5 mm in a triangular fashion. 100 |ig of 
antigen was loaded against 20 |il of antiserum. 
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D. Western Blotting : 
The transfer of proteins from polyacrylamide gels to nitrocellulose 
filter was performed according to the method of Maniatis et al. (1982) except 
a few modifications. The electrophoretic separation of serum proteins of 
C.gachua was carried out in native conditions whereas purified Tfs of all four 
species were separated on SDS gel in order to detect the level of immuno-
cross-reactivity distinctively. The stock solutions in this technique were: 
(i) Transfer Buffer (Ix; pH 8.3): 
Tris base 48 mM 
Glycine 39 mM 
SDS 0.039 % 
Methanol 20 % 
Distilled H2O to a final volume of 1 liter. 
(ii) Phosphate buffered saline: 
NaH2P04.2H20 0.05M 
NaCl 0.15M 
pH adjusted to 7.1 with NaOH. 
(iii) Blocking Solution: 
Non fat dried milk 5 % (w/v) 
Phosphate-buffered saline to a final volume of 100 ml. 
(iv) Primary Reagent: 
Primary Antibodies: 0.5% Blocking Solution = 1 : 500 
(v) Secondary Reagent: 
Secondary Antibodies : 0.5% Blocking Solution = 1: 2000 
(vi) Wash Buffer: 
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Tween 20 (0.02 %) in phosphate-buffered saline, 
(vii) Protocol: 
The protein was transferred on to the nitrocellulose membrane in the blot 
assembly (Genei Blot, mini dual) for an hour at a constant supply of 50 V; 
where the corresponding current and watts were 150 mA and 8 W, 
respectively. The protein transfer was checked by incubating the membrane 
for 5 to 10 minutes in Ponceau S stain. After which the membrane was 
subjected to processing steps : 
a. the nitrocellulose membrane was washed with several changes of distilled 
water, 
b. incubated in blocking solution for 4 hours with gentle rocking in the 
incubator shaker at room temperature, 
c. washed thrice with wash buffer of 10 minutes each, 
d. after this, the membrane was kept in the primary reagent for overnight at 
room temperature , with gentle rocking, 
e. the membrane was washed again with three changes of wash buffer of 10 
minutes each, 
f. it was then proceeded with immunological probing by incubating in the 
secondary reagent, goat anti-IgG coupled with horseradish peroxidase for 4 
hours, with gentle rocking, 
g. after incubating with peroxidase labeled antibody the membrane was 
further washed with three changes of wash buffer of 10 minutes each, 
h. wash buffer was drained off from the nitrocellulose membrane by tapping 
it over a filter paper towel, 
i. then the membrane was immersed for 1-2 minutes in the substrate made by 
mixing the Chemiluminescent Substrates A and B in equal volumes, and to 
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this 20 |il of 30% hydrogen peroxide was also added, 
j. after 2 minutes of incubation in the substrate, the membrane was tapped 
again, over the filter paper towel to drain off the extra substrate, 
k. the illumination of the immunologically reactive sites was recorded on an 
ultrasound film (the membrane was laid in between the two sheets of 
transparencies to avoid the wetting of the film which may otherwise damage 
the film). 
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RESULTS 
R E S U L T S 
The results presented here describe the identification of one of the 
sequences in cDNA library of C gachua as the partial clone of Tf-like 
polypeptide and its homology with already known four complete 
sequences. Biochemical characterization has been carried out on a 
highly purified entire protein (Tf) molecule following isolation from 
serum and liver of C. gachua. Wherever necessary, commercially 
available human transferrin (Fluka biochemica, Switzerland) is 
included as a control. 
1. O b s e r v a t i o n s on the c o n s t r u c t i o n of c D N A l ibrary of 
m R N A f r o m the l iver of Channa gachua : 
cDNA library using liver mRNA of C. gachua was constructed 
strictly according to manufacturers protocol (Promega Universal 
RiboClone cDNA Synthesis Kit) and summarized under Materials and 
Methods (pages 17-19). The flow diagram (Fig. 1) demonstrates 
successive steps in cDNA synthesis, its ligation to Eco RJ adaptors and 
finally the construction of cDNA library following ligation to phagemid 
pBluescript II SK+ that had already been linearized by cutting with the 
same restriction enzyme {Eco RI). To facilitate preferential ligation 
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with adapter-added cDNA, its cohesive termini were dephosphorylated. 
Phagemid pBluescript II SK+ has an inducible lac promoter upstream 
the lacZ gene that provides a-complementation for the selection of 
white recombinant colonies containing the insert (Fig. 2) versus non-
recombinant blue colonies under consistent selection pressure of 
ampicillin resistance gene (Amp') as the antibiotic marker. In Fig. 3a, 
one of the representative LB-agar plates have been shown that 
contained X-gal and IPTG as the substrate analogue and the inducers 
for white versus blue clonal selection. 
Assuming that the cloned sequence might include some epitope, 
>240 colonies of the cDNA library were grown on LB-agar plates to 
screen them by immunoblotting. Antiserum raised by immunizing 
rabbit against a Tf isoform of C. gachua, purified to homogeneity, was 
used as the source of primary antibodies. Three of the colonies gave 
positive but somewhat weak fluorescent signals with LumiGlo (Fig. 3b) 
and were picked up for sequencing. Following DNA sequencing and 
finding homology with four accessible Tf sequences, one of the 
immunoblot-positive clones (Clone-2) was finally taken as that of Tf-
like proteins. 
The recombinant colonies were screened for variations in the size 
of inserts by purifying phagemid with QIAprep miniprep kit. The kit 
facilitates the recovery of pure covalently closed circular DNAs of this 
size in relaxed form. Typical and relevant results are shown in Fig. 4. 
Recombinant phagemid DNA isolated and purified from Clone-2 
was then recycled through an E. coli K12 host (C-600) that is devoid of 
restriction-modification system. As shown in Fig. 5 (lane-2), Eco RI 
could cleave the DNA isolated from transformed colonies of this host. 
In addition to the fragment of 2961bp corresponding to the vector (lane-
1 of the same figure), two other fragments of 333bp and 150bp, 
respectively, are also visible in lane-2. This puts the insert to a total size 
of ~480bp. The digestion pattern, thus, reveals the presence of one 
internal site of Eco RI in the insert. 
The above observation is supported by DNA sequence data that 
indicates the insert to be a 483 nucleotide long fragment that should 
encode a polypeptide of 161 amino acid residues (Fig. 6). This 
sequence on BLAST search database program of NCBI GenBank was 
found to exhibit homology of varying degrees with the accessible 
sequences of Tfs of four fish species. To facilitate a meaningful 
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discussion, only four out of several accessible sequences were finally 
selected. 
The sequence of Tf-like insert of C. gachua is AT rich (Table-la), 
since the percentage values of bases in 483 nucleotide long sequence 
are : 179 A (37.06%), 71 G (14.70%), 143 T (29.61%) and 90 C 
(18.63%). Percent A+T ratio is 66.67% constituted by 322 bases, which 
is just double of the percent C+G ratio that is 33.33% constituted by 
161 bases. 
Table-lb lists the deduced amino acid sequence of 161 residues of 
Tf like protein of C. gachua. As shown therein, a maximum of 76 
amino acids are polar and uncharged; followed by 59 hydrophobic or 
non polar; 16 basic or positively charged and 10 are acidic or negatively 
charged. There are 4 cysteine residues (underlined in Fig. 6) at positions 
25, 53, 117 and 161 probably in C-lobe. 
Fig. 7 compares the amino acid sequence deduced from the 
nucleotide sequence of the partial clone of Tf-like protein of C. gachua 
and selected accessible Tf sequences of the four fish species. The 
sequence of the partial Tf clone of C gachua between residues 6 and 56 
shows percent homology in the "N" domain to the extent of 60% 
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identity with O. mykiss between 281-333 residues, 69% with O. latipes 
between 280-329 residues, 54% with P. olivaceus between 281-329 
residues and 39% with S. trutta between 284-334. 
Some homologies are also apparent between the primary sequences 
in the "C" domain of Tfs of the three fish species and the amino acid 
sequence of Tf-like polypeptide of C gachua where residues between 
2-60 shows 41% identity with O. mykiss between residues 619-678, 
40% with O. latipes between residues 619-678, 38% with P. olivaceus 
between residues 619-675 and 61% with S. trutta between 619-678. 
Overall percent amino acid sequence identities in homologous regions 
of both "N" and "C" domains are summarized in Table-2. 
The ratios of the different categories (types) of amino acids present 
in the deduced amino acid sequence of partial clone of Tf-Iike protein 
of C. gachua with the homologous regions of four known sequences 
have been compared in Fig. 8. 
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2. B i o c h e m i c a l c h a r a c t e r i z a t i o n of a Tf v a r i a n t s of 
Channa gachua: 
A. Phenotyping of Sera Samples in Native Polyacrylamide Gel 
Electrophoresis (PAGE): 
Since C. gachua is a fish of small size (average size of adult = 20 
cm) and serum volume from an individual in no case exceeds >0.5 ml, 
attempts were made to search tissues other than blood as the source of 
Tf of C. gachua. Liver being the site of biosynthesis and one of the 
largest organs in fish body was tested. Initially the results were positive. 
However, the complete biochemical characterization of ammonium 
sulfate fractionated preparations was not carried out. 
Results of phenotyping the transferrin of typical sera samples 
collected from representative C. gachua specimen after electrophoresis 
(PAGE) in non-denaturing polyacrylamide gels of 7.5% and 10% are 
shown in Fig. 9. Obvious differences in the stacking and resolution of 
serum proteins are observed in 7.5% and 10% gels (Fig. 9a and b, 
respectively). The bands are crisper and sharp in 10% gels as compared 
to those obtained in 7.5% gels. However, due to better resolution of Tf 
phenotypes in 7.5% gels, all subsequent runs were made in native 
polyacrylamide gels of this percentage. Liver from each specimen was 
also excised out and generally run along with the marker serum in 
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separate lanes because of the smearing effects of fresh liver 
homogenates (Fig. 11). In general, co-migration of the ammonium 
sulfate fractionated band with corresponding serotransferrin was 
observed. 
Bands of Tf variants (marked in each figure) individually appear as 
one of the most negatively charged protein and therefore migrate faster 
than most of the others. Results of further electrophoretic 
characterization of phenotyping by employing other staining criteria 
mentioned below, are shown in Figs. 10, 12 and 13. For the sake of 
comparison one Tf each from other three species of the genus Channa 
have been included in each electropherogram. 
B. The identification of Tf variants by Specific staining with 
Nitroso-R: 
Nitroso-R reagent stains iron saturated Tf bands as light green 
bands in PAGE patterns of sera. Though a few non-transferrin protein 
bands also react with this stain, it is Tf that takes up the most intense 
staining (Figs. 10). A subsequent Fig. 12 supports the inference, where 
human Tf has been stained with Nitroso-R as the standard reference. As 
the Fig. 10 reveals, on this basis two Tf bands could be counted in sera 
of C. gachua in 7.5% gels. 
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Following Nitroso-R staining, PAGE patterns of the liver extracts 
also show the presence of bands, which take up this stain and co-
migrate with the Tf phenotypes of serum of the corresponding specimen 
(Fig. 12). However, only serotransferrins were chosen for purification 
and biochemical characterization. 
C. Negative Identification of Tf bands due to the lack of CBB 
staining after incubation with FENTA: 
During the present investigations, it was found that after 
incubation with FENTA (composition under Materials and Methods), 
Tf bands in gel electropherograms no more take up CBB stain whereas 
non-Tf protein bands stain as usual. The advantage of lack of CBB 
staining by Tfs after incubation with FENTA was taken as the next 
approach that would work for gels run under identical conditions. Since 
a few other non-Tf bands also took up Nitroso-R stain, negative 
staining with the help of FENTA offered an opportunity to investigate 
iron-binding nature of the bands identified as Tfs in Fig. 12. As shown 
in Fig. 13, following FENTA treatment, bands of sera and liver 
homogenates comigrating with, as well as the pure Tf remained 
achromatic. Results are similar for human Tf (lane-1 of the same 
figure) also, confirming the positive identification of Tf bands. 
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D. Western Blotting of Tf phenotypes of C. gachua: 
Anti-Tf C gachua rabbit antisera raised using highly purified Tf of 
C. gachua as an antigen were employed to screen the Western blot of 
probable Tf phenotypes in serum of C. gachua. The extent of 
immunocross-reactivity was documented employing 
chemiluminescence produced during the reaction with horse radish 
peroxidase (HRP) mediated LumiGlo. The immunoblot thus prepared 
and shown in Fig. 14a confirms the Tf nature of the major as well as the 
minor band as Tfs beyond doubt. 
On the basis of all the three criteria applied above, two Tf 
phenotypes were detectable in the sera of 405 specimens of C. gachua. 
One of the phenotypes was represented by one Tf band and the other by 
two bands. For the reasons explained under Discussion, they have 
designated phenotypes AA and BB. After pooling the sera, one band 
phenotype (BB) was used for purifying the isoform for further analysis 
most of the time. 
E. Purification of Tf by Preparative PAGE: 
For biochemical characterization, one Tf variant each from four 
Channa species (C. gachua, C. punctatus, C. maruUus and C. striatus) 
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was first partially purified by ammonium sulfate fractionation and 
finally by preparative PAGE. Tf was eluted from polyacrylamide gel 
cut outs corresponding to the location in the gel by homogenizing at 
high speed as mentioned under Materials and Methods. 
Band elutes purified by this procedure gave single band following 
electrophoresis in 7.5% polyacrylamide gels that co-migrated with pre-
identified location of Tfs in PAGE patterns of whole sera of each 
channid species (Fig. 11,4^ *^  lane of frames a-d). 
F. Immunocross reactivity of Tf bands resolved by SDS-PAGE: 
Employing detection by chemoflourescence, immunocross-
reactivity of the band which appeared in SDS-PAGE, was also tested. 
This is shown by the blot in Fig. 14b. No signals were recorded for Tfs 
of C. striatus and C. marulius as well as for human Tf. It was not due to 
differences in the amount of loaded proteins, because the intensity of Tf 
bands of the species devoid of immunocross reactivity was the same as 
shown in Fig. 15. 
G. Estimation of Molecular Weight (Mr) by SDS-PAGE: 
The discontinuous system of Laemmli (1970) proved inadequate 
for resolving glycoproteins in general. Therefore, highly porous gel 
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electrophoresis system of Doucet and Trifaro (1988) was employed for 
estimating the molecular weights. SDS-PAGE patterns of purified Tfs 
of all four Channa species are shown in Fig. 15 which demonstrates 
that Mr of purified Tfs do not differ substantially. The calculated values 
have been listed in Table-3. Purified Tf of C. gachua, C. punctatus, C. 
striatus and C. marulius stack as a band of 71-72 kD, the range which 
is distinct from Mr value of 80 kD calculated for human Tf. 
H. Effect of Neuraminidase Digestion on Molecular Weights of 
Tfs: 
As shown in Fig. 16, neuraminidase digestion brings about a 
reduction in Mr values of Tf of C. gachua as well as in those of other 
three species of genus Channa (digested lanes designated as D). The 
magnitude of reduction in Mr of Tf of C. gachua resembles closely with 
that observed in Tfs of 3 other species of Channa. On average a 
reduction of about 1-2 kD is recorded (Table-3). The results confirm 
that each fish Tf, similar to that of human, is a glycoprotein with sialic 
acid as an essential constituent of carbohydrate moeity. Their number 
and branching pattern among them may, however, vary. 
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L Isoelectric Focusing: 
Results of isoelectric focusing of pure Tfs of C. gachua that was 
run alongside the Tfs of three other species as well as human Tf are 
shown in Fig. 17. lEF patterns clearly indicate the degree of purity of Tf 
preparations as well as their acidic nature. Again, critical intraspecies 
differences between pi values of channid Tfs do not exist, as the values 
fall between pH 4.5-4.7. There is, however, a clear difference with the 
value of human Tf. The values as extrapolated on an expanded graph 
have been summarized in Table-4. 
J. Iron Binding Analysis: 
Iron-binding curves obtained by titrating single pure Tf isoform of 
Channa gachua with FENTA in the presence of bicarbonate ion are 
shown in Fig. 18. The calculation based on the formula given under 
Materials and Methods gave the typical values indicating the binding 
of ~2 atoms of iron/mol (Table-5). None of the curves, however, can be 
extrapolated to zero, coincidentally. The differences between the very 
initial readings of iron-binding curve of each Tf are, therefore, 
indicative of the differences in their iron-binding capacities. The initial 
iron-binding capacity of C. gachua Tf is obviously greater than that of 
at least C. punctatus and C. striatus Tfs. 
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K. Effect of pH on the Release of Iron from Diferric Tfs: 
As described under Introduction, the two iron domains exhibit 
intraspecies differences in pH dependence of the release of bound iron. 
The most remarkable difference between the trends of release of iron 
shown by diferric fish Tfs, in general, is the lack of total release of 
bound iron even at pH 2.5 (Fig. 19). On the contrary, human Tf is 
stripped off both of iron atoms at this pH value. Intraspecies differences 
exist between the iron release patterns of all four charmid Tfs. The 
percent value of released iron from Tf of C. gachua is least of all the 
channid Tfs at even acidic pH of 3.0. The dissociation course followed 
by Tfs of C marulius and C. striatus is quite resembling. Whereas the 
curve for human Tf is nearly biphasic, a tendency towards semi-
diphasic release of iron is observed for fish Tfs. 
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Figure 1; Flow diagram of the cDNA synthesis protocol employed to 
construct cDNA library from mRNA isolated from the liver of C. 
gachua. 
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cDNA inserts were ligated to construct cDNA library. 
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Figure 3: (a) LB-Agar plate showing host colonies of recombinants 
(white colonies) and non-recombinants (blue colonies). 
(b) Colony screening by immunoblotting using LumiGlo 
fluorescent detection kit. Rabbit anti-Tf C. gachua 
antiserum was used as a primary antibody. 
Figure 4: Agarose (0.8%) gel electrophoresis of phagemid DNAs of 
some clones selected after immunological detection. From 
left to right : (1) pBluescript II vector without insert and (2 
to 4) recombinant clones. Sequence of clone-2 insert was 
identified as that of Tf-like protein. 
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Figure 5: Agarose (1%) gel electrophoretic patterns of Eco Rl-cut 
vector (pBluescript II) phagemid and the recombinant 
DNAs. Lanes show: (1) Eco RI digested linearized 
phagemid vector DNA; (2) Eco RI digested positive clone 
showing linearized vector DNA and insert with an internal 
restriction site; and (M) Eco RI and Hind III double digest 
marker (molecular size in base pairs on right hand). 
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Figure 6: Nucleotide sequence of the insert that was identified as the partial cDNA clone of 
Tf like protein of Channa gachua Ham. Capital single alphabets below the 
nucleotide triplets (codons) show the deduced amino acid sequence of Tf like 
protein of C. gachua in one alphabet standard abbreviation. 
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Figure 8: Histogram comparing the number of amino acid classes 
(types) in partial clone of Tf-like protein of C. gachua with 
the homologous sequences of O. mykiss, O. latipes, P. 
olivaceus and S. trutta transferrins. 
Tfs 
^ T f s 
Figure 9: Representative native PAGE patterns of some sera samples of 
Channa gachua in 7.5% (a) and 10% (b) gels. Location of 
transferrin (Tf) bands (as per subsequent identification) is 
indicated. 
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Figure 10: Typical PAGE patterns of sera samples of C. gachua 
showing Tf bands as visualized after binding with added 
iron and specific staining with Nitroso-R in 7.5% (a) and 
10% (b) gels. 
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Figure 11: Native PAGE patterns showing the purified Tf of Channa 
gachua (a) along with other sister species: Channa 
punctatus (b), Channa striatus (c) and Channa marulius 
(d). 
In each set human Tf is in the lane (1) followed by serum 
(2), liver homogenate (3) and purified Tf (4). 
1 2 3 4 1 2 3 4 
Figurell: Specific Nitroso-R staining of the set shown in Fig. 11 
after electrophoresis in native polyacrylamide gels 
showing the purified Tf of Channa gachua (a) as well as 
Channa punctatus (b), Channa striatus (c) and Channa 
marulius (d). Loading sequence is the same as in the 
previous figure. 
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Figure 13: Identification of Tf bands by Negative Staining. 
Coomassie stained PAGE patterns of the gels pre-
treated with FENTA Tf bands identified in Fig. 12 by 
Specific Staining did not take up CBB stain after 
reacting with FENTA. The position of unstained bands 
is indicated by arrows. Lanes from left to right in each 
set are: Human Tf (1), serum (2), liver homogenate (3) 
and purified Tf (4). Frames sequence a-d as in Fig. 11 
and 12. 
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Figure 14: (a) Western blot showing the cross reactivity of Tf 
phenotypes of C. gachua serum samples with Anti-Tf 
C. gachua rabbit antisera. Arrows indicate the two 
phenotypes. 
(b) Blot showing the immunocross reactivity of Tf 
bands resolved by SDS-PAGE. Pronounced 
fllourescence is seen in C gachua (2) and C. 
punctatus (3) (as indicated by arrows) whereas no 
signals were recorded for C striatus, C. marulius and 
human (4,5 and 1 respectively). 
Figure 15: SDS-PAGE pattern of purified Tfs in the system of 
Doucet and Trifaro (1988). Silver stained gel showing 
Molecular weight markers M, 1: human Tf, 2 to 5: native 
PAGE purified Tfs of C. gachua; C. punctatus; C. 
striatus and C marulius. 
1 4 3 
C D D D D C D 
M 
Figure 16: SDS-PAGE (Doucet and Trifaro, 1988) of pure Tfs after 
treatment with neuraminidase: (M) Molecular weight 
markers, (1) Human, (2) C. gachua, (3) C. punctatus, (4) 
C. striatus and (5) C marulins. Left lane of each set shows 
the untreated sample as a control. 
M 1 
Figure 17; Isoelectric focusing patterns of Tf of C. gachua along 
with other three channid species and human. Lanes 
from left to right are: lEF markers (M), Human Tf (1), 
C. gachua (2), C. punctatus (3), C. striatus (4) and C. 
marulius (5). 
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Figure 18: Iron-binding curves of purified ApoTfs of C. gachua, 
C. punctatus, C. striatus and C. marulius along with 
Human Tf as a reference protein. 
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Figure 19: The effect of pH on the release of iron from diferric Tfs 
of C gachua and three other species of the genus 
Channa : C. punctatus, C. striatus and C. marulius. 
Human diferric Tf is also included as a reference 
protein. 
TABLE la : Number of nucleotides present along with their percentage 
values in the nucleotide sequence of partial clone of Tf-like 
protein of Channa gachua. 
Nucleotides Number present % Nucleotide present 
Adenine (A) 179 37.06% 
Guanine (G) 71 14.70% 
Thymine (T) 143 29.61% 
Cytosine (C) 90 18.63% 
A+T 322 66.67% 
C+G 161 33.33% 
TABLE lb : Types of amino acids present within the deduced amino acid 
sequence of partial clone of Tf-like protein of Channa 
gachua. 
Types of Amino Acids Number present 
Basic 16 
Acidic 10 
Hydrophobic 59 
Polar 76 
Table 2: Percent sequence identities of the partial clone of Tf-like 
protein of C. gachua and homologous regions of accessed 
cDNAs of four teleost fish Tfs. 
Species of Fish 1 2 3 4 
1. Channa gachua 
2. Oncorhynchus tnykiss 51.78 
3. Oryzias latipes 58.18 64.81 
4. Paralichthys olivaceus 47.22 55.55 35.11 
5. Salmo tnitta 52.25 77.77 1222 61.11 
Table 3: Software (GelPro, Cybernetics, USA) analysis of SDS-
PAGE patterns of C. gachua, C. punctatus, C. striatus, C. 
marulius and human Ffs, showing their respective molecular 
weights (Mr). SDS-PAGE system of Doucet and Trifaro 
(1988) was employed. Lanes marked "D" show the 
reduction in Mr values after neuraminidase digestion for 24 
hrs. 
Transferrins Molecular Weights (kD) 
Control Neuraminidase Digested 
Human 80.5 79.6 
C. gachua 71.8 69.2 
C. punctatus 71.6 69.7 
C. striatus 71.8 70.0 
C. marulius 72.0 70.5 
Table 4: The isoelectric points {pi) of Tfs of all the four channids 
in relation to human Tf. 
Transferrins pi Values 
Human 5.13 
C. gachua 4.74 
C. punctatus A.l\ 
C. striatus 4.55 
C. marulius 4.56 
Table 5: Iron binding capacities of all four species of genus Channa and 
reference protein human Tf (Details about titration with FENTA 
under Materials and Methods). 
Transferrin Protein 
Content 
(mg/ml) 
fil of Fe ^g of Fe bound/ Atoms of Fe Bound/ 
solution mg of protein Molecule of Tf 
added 
Human 
C. gachua 
C. punctatus 
C. striatus 
C. marulius 
0.5 
0.5 
0.5 
0.5 
0.5 
20 
16 
22 
18 
20 
1.8 
1.6 
1.8 
1.8 
2.0 
2.5 (80 kD) 
2.0 (71.8 kD) 
2.3 (71.6 kD) 
2.3 (71.8 kD) 
2.5 (72 kD) 
DISCUSSION 
DISCUSSION 
Commonly known as a snakehead or the murrel, Channa gachua 
Hamilton is a small sized (<20 cm) hardy obligate air-breathing fish of 
morphological features described under the identification key 
reproduced on pages 16-17. It has a wide distribution not only in Indian 
subcontinent but also in several other Asian countries as well as in 
some Middle East countries and the mainland China. 
Among vertebrates, transferrin is one of the most abundant 
protein in sera and numerous tissues, which include liver and several 
other non-hepatic tissues (Baldwin et al., 1990). Due to its vital 
function of inter-tissue transport of free iron and clinical significance, it 
has been subjected to intensive investigations in mammals including 
humans (Djeha et al., 1992). As already pointed out under 
Introduction, the information on the functional and clinical aspects of 
fish Tfs or other members of this multigene family is scarce (Winter et 
al., 1980; Hirono and Aoki, 1995 and Yano, 1996). 
The nucleotide sequence ofTf-like cDNA clone of C. gachua: 
Percent homology of nucleotide sequence of Clone-2 cDNA with 
the sequences of other fish Tfs indicated that it is a partial clone of 
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structural gene of Tf of C. gachua. Since the cDNA clone was not a 
complete sequence, it was preferred to call it a clone of Tf-like protein, 
despite the homologies with four accessed complete sequences; namely: 
Oncorhynchus mykiss, Oryzias latipes, Paralicthys olivaceus and Salmo 
trutta. Poly(A) 3'-tail in mRNA lies towards C-terminus of the 
polypeptide and cDNA was synthesized using oligo(dT) primer (first 
strand synthesis 3'-5'), the partial clone has to exhibit more homology 
with C domain of teleost Tfs. The sequence of C gachua exhibits such 
a homology with C and N domains of S. trutta to the extent of 61% and 
39%, respectively. 
The sequence of partial clone of C. gachua Tf-like protein also 
shows two major differences with the sequence ofS. trutta Tf, i.e. the 
difference in number and position of Cys residues. Whereas, sequence 
of C gachua shows the presence of 4 Cys residues, 2 residues each 
occur at different positions in S. trutta and O. mykiss. It is noteworthy 
that locations of disulfide bridges have been an important marker in 
determining phylogeny of Tfs (Williams, 1982). In the absence of any 
additional data on C. gachua, the numerical and positional differences 
in Cys residues suggest the evolutionary distinctions of N-lobes of the 
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compared Tf isofoiTns. The part of sequences showing general 
homology in both N and C lobes of vertebrate Tfs has been the most 
conserved sequence during evolution (Baldwin, 1993). 
The cDNA sequence of C. gachua is AT rich, being two times of 
its own GC contents. In this respect the DNA sequence of the clone 
differs from those of four accessed sequences. Out of them, AT:GC 
ratio is almost equal in case of Salmo trutta, Oryzias latipes and 
Paralicthys olivaceus. On the other hand, Oncorhynchus mykiss 
exhibits an inverse AT:GC ratio. It is well known that AT rich regions 
melt more easily during molecular processes such as replication and 
transcription, as well as at elevated temperatures. The extent of relative 
unstability of the nucleotide sequence is also supported by amino acid 
sequence, where 30 asparagine residues at a stretch are present in the 
primary sequence of the cloned part of polypeptide. High temperatures 
and pH values deaminate the amide (asparagine) converting it to 
corresponding acid causing unfolding of protein. As for the general 
picture of the amino acid percentage of the deduced primary sequence, 
C. gachua Tf has highest total number of polar amino acids followed by 
hydrophobic residues while basic and acidic residues are lesser than the 
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values in this region of other accessed sequences. This may again have 
a bearing on the pH or thermostability of this part of the polypeptide 
chain. 
Biochemical Characteristics: 
On the basis of three staining criteria (CBB, Nitroso-R and 
negative identification with FENTA) and Western blotting applied to 
detect and identify Tf bands in native PAGE patterns, the occurrence of 
two phenotypes was confirmed. As of now, it appears that genetics of 
Tf in C. gachua is under control of two codominant alleles designated 
here as TfAcg and TfBcg^. Each allele encodes two identical isoforms, 
giving rise to one banded pattern represented by homozygous 
phenotype AA (that is yet to be discovered) and homozygous BB, 
respectively. Two AA isoforms co-stack (as one homozygous 
phenotype), because they have identical electrophoretic mobility, 
though slower than that of the other two costacking isoforms BB (fast 
migrating homozygous phenotype). So far the occurence of AA and BB 
phenotypes is concerned, our results support the existence of two 
banded pattern (homozygotes: AA/BB) reported by Sahoo and Khuda-
Bukhsh (1989) in a population of quite distant location. Occurrence of 
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one banded pattern (phenotype BB only) is a new finding. It is also 
puzzling that no heterozygous individuals are detected neither within 
the populations around Aligarh nor in Bengal. 
Due to polyploidy, C. gachua is a special case among channids 
and may be a model species to explore the possible implications of the 
origin of Tf polymorphism by gene duplication. Kirpichnikov (1973) 
has suggested that function of transferrins is so vital that additional loci 
are lost during the course of evolution. 
Most of the studies have so far mainly dealt with polymorphism 
of fish Tfs with the objective of applying the information to genetic 
identification of stocks and races (see for example, Lacy, 2000). In the 
present attempt, therefore, the attention was directed to cover 
biochemical and functional characterization of Tf of C. gachua and 
hitherto unattended aspect of cloning its structural gene. Whereas 
within genus Channa, specificity of C. gachua is polyploidy, an 
attainment of relatively large size (~70cm) is the characteristic of C. 
striatus and C. marulius. Since relevant infonnation on some of these 
aspects of C. punctatus was already available (Nabi, 1999), the 
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remaining two species were included for a broader understanding of Tf 
molecules of the genus as a whole. 
Several workers have recommended the use of rivanol 
fractionation to remove non-Tf proteins of sera (Sutton and Karp, 1965; 
Sahoo and Khuda-Bukhsh, 1989). In our lab also C. punctatus Tf has 
been purified by this method; but experiments with C. gachua sera 
showed that ammonium sulfate fractionation gives better yield. Even 
the number of bands in liver extracts could be minimized and Tf-like 
band concentrated by this method. The results of initial monitoring of 
such preparations by PAGE were satisfactory. However, in view of the 
possibility of tissue specific isoforms, further characterization may be 
necessary to make a final statem.ent about using liver as the source of 
pure transferrins. Heart extracts have been used by some workers, but, 
in fish species of the size of C. gachua or C. punctatus heart is too 
small a tissue for this purpose. 
In fish species, Tf polymorphism of varying degrees and 
magnitudes has been discovered. Among the highest recorded so far, 
mirror carp has been shown to have 7 Tf alleles (Valenta et al., 1976) 
and an Amazonian fish Plagioscion squamasissimus six (Teixeira et al., 
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2002). Similarly, 4-allele system in coho salmon (Van-Doomik et al, 
1996) and 3-allele systems in tuna (Fujino and Kang, 1968) have also 
been recorded. In C. punctatus, a sister species of C. gachua, Tf 
polymorphism based on the 3-allele system has been recorded (Nabi et 
al., 2003). Since the polymorphism in Tfs owes its origin to gene 
duplication, beside other genetic applications, it would be of 
phylogenetic interest to determine the evolutionary response of 
polyploidy of C. gachua (2n= 72). However, the number of Tf alleles 
recorded for this species is only 2, the lowest recorded so far (Fig. 9-
10). Coincidently, screening of the population inhabiting locations 
>1300 km. apart also showed the total lack of any heterozygote (Sahoo 
and Khuda-Bukhsh, 1989). 
Though some fish transferrins may be totally devoid of 
carbohydrates (Stratil et al., 1985), most of them are glycoproteins. The 
resolution of glycoproteins is retarded in other SDS-PAGE systems. 
Porous gel electrophoresis protocol of Doucet and Trifaro (1988) has 
been essentially designed to separate glycoproteins. Electrophoresis of 
purified transfenins of C. gachua and other channid species in widely 
adopted system of Laemmli (1970) produced smears. It was taken as an 
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initial indication of their glycoprotein nature and subsequent runs were 
made exclusively in the system Doucet and Trifaro (1988). As typically 
shown under Results in Fig. 15, following SDS-PAGE in this system, 
Tf isoform B of C. gachua migrates slightly faster than pure human 
serum transferrin giving the approximate molecular weight values of 
-71.8 kD in comparison with 80 kD of human Tfs. There appear no 
apparent intrageneric differences if the value obtained for C. gachua Tf 
is compared with those of the Tfs of other three species. 
Fishes constitute the largest group among the vertebrates. They 
include primitive forms such as the cyclostomes as well as a number of 
specialized teleosts such as the air-breathing fishes. Therefore, certain 
variations in the molecular weight of transferrins of different groups 
have been recorded (Stratil et ah, 1983). The lowest value of 44 kD has 
been reported for Tfs of the primitive hagfish (Palmour and Sutton, 
1971). Employing several criteria, the molecular weight of brook trout 
and carp Tfs has been calculated as 78 and 70 kD respectively 
(Hershberger, 1970; Valenta et al, 1976). In comparison with this data, 
somewhat high value of 80 kD obtained by SDS-PAGE (Kara, 1984). 
Molecular weight values of transferrin isoforms of C. gachua and Tfs 
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of three other species of the genus are in reasonable agreement with the 
general range of 70-81 kD determined for fish as well as mammalian 
Tfs (Stratil et al, 1983) and do not show an anomalous behavior 
reported for evolutionarily distinct cyclostomes (Palmour and Sutton, 
1971). 
There, however exist unstability and conformational differences 
between Tf isoform of C. gachua and Tfs of other three channid 
species. A comparison of Fig. 14b and 16 supports this statement. In 
spite of identical conditions applied in preparing protein samples for 
SDS-PAGE, subsequent analysis in this system and for washing out 
SDS, only C. gachua and C. punctatus Tf bands exhibited 
immunocross-reactivity as chemiluminiscent signals. These results 
categorize Tfs of genus Channa in two conformational groups: 1), the 
immunologically detectable group-1 constituted by C. gachua and C. 
punctatus-, and 2), immunocross-reactivity lacking group-2, represented 
by Tfs of C. striatus and C. marulius. It is obvious that in Tf isofomis 
of group-1, some of the epitopes assume a conformation that permits 
immunological detection. Such a conformation was not assumed by the 
group-2, i.e., by Tfs of C. marulius and C. striatus. Therefore, C 
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gachua and C. punctatus Tfs (group-1) appear to be relatively stable 
proteins against thermal, SDS and acidic treatments (given during 
washing of gels to remove SDS). No published evidence is available to 
compare these results. However, inter species differences in 
thermostabilities have been reported in case of several mammalian Tfs 
(Welch, 1990). 
Tf of C. gachua as well as those of three other channids are 
glycoproteins containing sialic acid. This is supported by the results in 
Fig. 16 (lanes designated D), which reveal that upon 24 hour long 
digestion with neuraminidase, following which Tfs of C. gachua as 
well as other three species are gradually converted into a major band of 
approximately 69.2-70.5 kD. Therefore, this value represents mass of 
only the protein whereas the remaining >2 kD is constituted by 
carbohydrate moeity, of which sialic acid is an integral component. In 
this respect Tfs of C. punctatus are similar to those of brook trout 
(Hershberger, 1970) and differ from those of carp, which are devoid of 
any sialic acid, while in some other fish transferrins other carbohydrates 
happen to be the major contributors (Stratil et al, 1983). The reduction 
in Mr of human Tf is half of the values noted for fish Tfs (Fig. 15, Table 
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3). It is already established that human Tf is a glycoprotein with two 
Asn linked bifurcated glycan chains. One sialic acid each is borne upon 
by each terminus making the total four (Harris and Aisen, 1989). The 
results presented in this work are not sufficient to speculate about the 
nature and number of sialic acid residues or the presence of other 
carbohydrates. However, the change in all of the four fish Tfs is similar, 
but of different magnitude as compared to that of human Tf 
Similarly, fish transferrins also exhibit a wide range of 
characteristicp\ values, which were on higher side being 9.0 and 8.9 for 
Tfs of petromyzon and a shark, respectively (Boffa et al., 1966); but 5.0 
for carp (Valenta et al, 1976) as well as mammalian Tfs (Welch, 1990; 
Baldwin, 1993). For human Tf, a pi value of 5.1 calculated here (Fig. 
17, Table 4) is in good agreement with already published value of 5.35 
(Welch, 1990). p\ values for channid Tfs obtained in the present study 
show them to be more acidic with only minor differences between their 
pi values in the range of 4.5-4.7 (Fig. 17, Table 4). It is worth mention 
that similar to the distinct immunocross-reactivity behaviour after SDS 
and acid denaturation (Fig. 14b), Tfs of C. gachua and C punctatus are 
recognized as one category or group-1 in terms of p i values also (Table 
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4). Tfs of C. striatus and C. marulius belonging to immunologically 
undetectable group-2 are slightly more acidic in their p\ values. The 
differences in pi values are also an indication of the differences in their 
primary structure or/and amino acid composition. 
Stoichiometry of iron binding of C. gachua and other channid Tfs 
were typically vertebrate in pattern, showing an absorption maximum at 
470 nm and total bound iron being 2.1-2.3 atoms/ molecule of Tf. No 
published evidence is available on iron binding properties of fish Tf 
except that on brook trout (Hershberger, 1970) and unpublished results 
of this lab on C. punctatus Tf (Nabi, 1999). Results obtained by the 
latter worker could be reproduced during the present investigations 
also. Tfs of C. gachua and three other channid species differ in their 
iron binding capacity as indicated by the starting points (initial values) 
of each curve (Fig. 18), though final amount of bound iron was the 
same in each case. 
Welch (1990) categorized the pH dependent iron release from 
diferric Tfs into three categories. 1, clear biphasic release as in case of 
the reptile turtle and some mammals; 2, coupled pattern of two slightly 
different gradients as in human Tf; and, 3, monophasic steep decline as 
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in snake Tf. Iron binding curve of human Tf obtained during the present 
analysis is similar to the published one. For fish Tfs also, a pattern that 
shows a coupling of two gradients is obtained with the distinction that 
20-30% iron still remains bound even at pH 2.5 a value at which human 
diferric Tf releases all bound iron. Again, a similarity of iron releasing 
gradient was observed for diferric Tfs of C. gachua and C. punctatus 
(group-1), whereas the behaviour of C. striatus and C. marulius (group-
2) was nearly identical. Differences in release of iron from diferric Tfs 
have been attributed to differences in pH stabilities of N and C domains 
(Antonio and Brock, 2001). That such variations, might to some extent 
exist, is supported by the sequence specifications of the partial cDNA 
clone of Tf-like protein of C. gachua (Fig.6 and 7). 
Iron binding, capacities of fish Tfs have a crucial role in 
determining post-hatching viability of progenies of various phenotypes 
(Hershberger, 1970) and the results obtained here somehow reflect the 
differences in interspecies survivability (relative hardiness) of the four 
channid species, in general. 
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Genetic Significance of Transferrin isoforms of Channa gachua 
Ham. 
1. U t i l i z a t i o n of t h e p a r t i a l c D N A c l o n e o f T f - l i k e p r o t e i n : 
It is for the first time that the construction of a cDNA library 
from C gachua mRNA was attempted. Positive identification of a 
partial clone as that of Tf-like isoform offers the opportunity to use it as 
a probe to search out more extended sequences from the library. Since 
the cloned sequence represents one of the most conserved portions of Tf 
molecule, in general, the probe may be reasonably suitable to screen 
cDNA libraries of the remaining fish species of this genus or other 
genera. 
2. N e g a t i v e I d e n t i f i c a t i o n by F E N T A : 
Keeping in view the vastness of India's fisheries resources, the 
information on Biochemical Genetics of fish fauna is inadequate. 
Simple experimental procedures, which can yield information 
employing non-hazardous {e.g. non-radioactive) means, are likely to 
promote the efforts by those laboratories which are spread across the 
country and carry out research with limited means. Though Nitroso-R 
staining for transferrin bands in electropherograms was in use for nearly 
four decades, it has the disadvantage of staining a few non-Tf bands 
61 
also. Purification and subsequent detailed biochemical investigations 
were the only alternative to verify their chemistry beyond doubt. 
Negative identification of Tf bands by incubation in FENTA, as applied 
here, can unambiguously verify Tf nature of bands in superimposed or 
duplicate gels run under identical conditions. There are no previous 
reports of the Negative Identification by FENTA. 
3. The probable number of loci encoding i so forms of Tf : 
The observed polymorphism in C. gachua isoforms is a 2-allele 
(A and B) system. In a system of co-dominant inheritance, typical of 
Tfs, one isoform each would be synthesized by the allele of each locus. 
Therefore, the slower migrating phenotype is genotypically 
homozygous AA and the faster one homozygous BB. Co-stacking 
isoforms B, constituting genotype BB, were purified and used for 
biochemical characterization. 
4. Level of Polymorphism : 
In the present study, biochemical characterization employing 
several criteria, has conclusively established Tf nature of the bands 
identified in fish sera samples as those of transferrin. The occurrence of 
two banded Tf phenotype among Channa gachua populations has been 
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reported from Bengal (Sahoo and Khuda-Bukhsh, 1989). However, 
there is no previous report from any other part of India, and the present 
report is not only the first from this region but it also reports the 
occurrence of BB phenotype for the first time. If confirmed by the 
population analysis of the larger habitats in both regions, then those 
inhabiting Western Uttar Pradesh (Aligarh and around) would appear 
more heterogeneous than those of Eastern India (Bengal). Both, the 
report on populations inhabiting a location in Bengal (Sahoo and 
Khuda-Bukhsh, 1989) as well as the present investigations share the 
limitations of sample size. The differences in genetic composition are, 
however, apparent. 
5. S ignif icance of functional properties of Tf i soforms in 
determining genetic composit ion of f ish populat ions : 
It has been previously proposed (Hershberger, 1970) that iron 
binding capacity of fish Tfs may be crucial in determining post-
hatching viability of the progeny. A survey of C punctatus populations 
inhabiting a large area of Rohilkhand plains (in Uttar Pradesh) also 
supported the key role played by the above mentioned functional 
property of transferrin isoforms (Nabi, 1999, Nabi et al, 2003). During 
the present investigations, functional properties of only isoform B of C 
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gachua were worked out. Additional data will be required for 
intraspecies comparison between iron binding capacities of different 
isoform of C. gachua. The information presented in this work, however, 
demonstrates that isoform B of C. gachua, exhibits differences with 
isoforms of other three species, both in iron binding as well as pH 
dependent release. The magnitude of differences in these properties of 
C. gachua Tf is lesser than those of C. punctatus Tf; whereas higher 
than those of the C. marulius and C. striatus Tf isoforms. 
It is significant that no heterozygous phenotypes were discovered 
at neither of the two localities, though the investigated area around 
Aligarh (present results) and those located in Bengal (Sahoo and 
Khuda-Bukhsh, 1989) are >1300 km away from each other. The total 
lack of heterozygotes is unlikely, which suggests that the population 
data should be further expanded. It is worth mention that in case of C. 
punctatus also, at least one homozygote (BB) was in excess of 
heterozygote AC and homozygote AA was very rare (Nabi, 2003). 
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CONCLUSIONS 
CONCLUSIONS 
On the basis of the findings presented and discussed in this work 
dealing with cDNA cloning, phenotyping and biochemical 
characterization of transferrin isoforms of Channa gachua (including 
the comparison with other three species), the following conclusions 
may be made: 
(1). Efforts to clone cDNA of a Tf isoform were partially successful. 
The cloned sequence, however, shows homology to conserved 
region of N as well as C domains of accessed sequences of four 
teleosts of different classes and origin (namely : Oncorhynchus 
mykiss, Oryzias latipes, Paralicthys olivaceus and Salmo trutta). 
(2). Partial clone is, in any case, informative. A comparison of the 
portion of the accessed sequences of four teleosts, with the 
homologies of different degrees in N and C domains, reveals 
differences in AT:GC contents, occurrence of 30 Asn residues in 
a single stretch and specific positioning of Cys residues. 
(3). Phenotyping of Tf variants by PAGE showed the presence of one 
banded and two banded homozygotes AA and BB only. Out of 
them, fast migrating BB is the most abundant one. 
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(4). Phenotype BB has been reported for the first time. It is obviously 
in lesser frequency than AA/BB phenotype. No heterozygote has 
been discovered so far. 
(5). Protein bands initially identified in PAGE as those of Tf, could 
unambiguously be identified by incubating with FENTA, 
following which excepting Tfs all other protein bands take up 
CBB stain. This protocol should help to confinn the identity of 
Tf bands in gel replicas stained with CBB. For this purpose, 
superimposed or duplicate gels can be conveniently run under 
identical conditions. 
(6). Biochemically, highly purified TfB isoform of C. gachua has all 
the attributes of a typical transferrin molecule: it is a glycoprotein 
of Mr =72 kD with sialic acid as the constituent of carbohydrate 
moiety, typically binds 2 atoms of iron per molecule and diferric 
protein releases iron along a semi-biphasic course as the pH 
values decline. 
(7). One Tf isoform each purified from three other species of genus 
Channa : C. punctatus, C. striatus and C. marulius show close 
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resemblance in most of the above attributes {e.g. Mr, presence of 
sialic acid, pi values and conversion to diferric iron and its pH 
dependent release). 
(8). Some interspecies differences, however, do exist. For instance : 
(i), Tfs of C. gachua and C. punctatus retain immunological 
cross-reactivity even after electrophoresis in SDS-PA gels, 
whereas Tfs of C. marulius and C. striatus do not; (ii), above 
noted distinction between Tfs of channid species into two 
subgroups is apparent from their lEF values; and, (iii) also from 
their iron binding capacities and pH dependence of iron release. 
(9). The occurence of a minimum number of Tf loci (two only) in C. 
gachua, in spite of being polyploid, has to have evolutionary 
implications. 
(10). The results, thus, establish that though Tfs of C. gachua as well 
as three other species of genus Channa are similar to other teleost 
Tfs in several respects, they do posses a few specific 
characteristic of their own. The specific biochemical and 
immunological characteristics may be correlated with the 
differences between the primary functions of iron binding 
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capacities and release. High iron binding capacities may iiave a 
direct bearing upon the better chances of post-hatching survival 
that may, in turn, determine the genetic composition that is 
observed in a surviving population and discerned by Tf 
polymorphism. 
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